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(57) ABSTRACT 
A semiconductor file memory device, and an information 
processing system incorporating the device, uses flash 
memories to achieve fast file access performance. The file 
memory device includes a parallel arrangement of memory 
element groups having a unit erasure block size greater than 
the data bus width of the memory device, and a data access 
width smaller than the data bus; a file division unit for 
dividing file data having one or more unit storage data 
blocks into combined blocks that include a combination of 
arbitrary unit storage data blocks; a data distribution unit for 
arbitrarilyoombining data on the data bus having a unit data 
size equal to the data access width, and for making the 
combined data correspond to an arbitrary combination of 
memory element groups equal in number to the unit size 
data; and a control unit for controlling the data distribution 
unit so that each combined block is stored in the file memory 
device based on a correspondence between the combined 
block and arbitrary combinations of memory elements. A 
flash memory based file memory device built in an infor- 
mation processing apparatus enables fast file access. The file 
memory device is provided with a parallel arrangement of 
memory element groups having a unit erasure block size 
greater than the data bus width of the memory device and a 
data access width smaller than the data bus, a file division 
unit for dividing file data that consists of one or more unit 
storage data blocks into combined blocks that consists of a 
combination of arbitrary unit storage data blocks, a data 
distribution unit for combining arbitrarily data on the data 
bus in terms of the unit data size equal to the data access 
width and making the combined data correspondent to an 
arbitrary combination of memory element groups equal in 
number to the unit size data, and a control unit for control- 
ling the data distribution unit such that each combined block 
is stored in the file memory device by being correspondent 
to one of the arbitrary combinations of memory element 
groups. 
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FILE MEMORY DEVICE AND INFORMATION 
PROCESSING APPARATUS USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is relevant to U.S. patent 
application Ser. No. 08/079,550 filed on Jun. 22, 1993 in the 
names of Kcnichi Kaki et al., and of which priority is based 
on Japanese Patent Application Serial No. 4-163074 filed on 
Jun. 22, 1992, the contents of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] This invention relates to an information processing 
apparatus incorporating a file memory device, and particu- 
larly to a file memory device suitable for the speed-up of file 
access and to an information processing apparatus using it. 

[0004] 2. Description of the Related Art 

[0005] The file memory is an almost indispensable periph- 
eral device for general-purpose information processing sys- 
tems such as personal computers. Generally, file memories 
are built into the main unit of the information processing 
system, thereby allowing the user to deal with capacious 
files. 

[0006] Recently, notebook and palm-type personal com- 
puters have gained popularity, their appeal lying principally 
on their usefulness in terms of portability. Accordingly, 
file-memory-based semiconductor memory chips have been 
used in place of magnetic-type disk memory because the 
latter is not ideally suited to a notebook computer environ- 
ment, i.e. They are not reliable against vibrations and 
consume too much power. An example of a system which 
employs a semiconductor file memory based on a flash 
memory is disclosed in Japanese patent publication JP-A- 
2-292798. 

[0007] A flash. memory is an electrically erasable and 
programmable non-volatile memory. Because they can be 
manufactured at comparatively low cost in large -scale pro- 
duction, flash memories have proven to be one of the most 
effective storage mediums for use as a semiconductor file 
memory. The technique of the above-mentioned patent pub- 
lication is intended to solve many of the problems that are 
encountered in designing a file memory based on the flash 
memory. Specifically, the cited patent publication recog- 
nizes that frequent erasing operations in a file memory 
causes damage to many of its file memory elements. The 
cited patent proposes a method of alleviating this drawback 
of the file memory, and in addition proposes a method of 
speeding up erasing operations required for rewriting data 
therein. The semiconductor file memory further achieves 
compatibility with the magnetic disk memory with respect to 
the way in which it interfaces with main information pro- 
cessing apparatus; with the principal intention of reorganiz- 
ing information processing systems by replacing their mag- 
netic disk memories with semiconductor memories. 

[0008] The above-mentioned prior art semiconductor file 
memory achieves compatibility with magnetic disk memo- 
ries by using the existing interface bus of the main infor- 
mation processing apparatus. Although this design principle 



allows the user to easily accept the semiconductor memory, 
because of its compatibility with the magnetic disk memory, 
it does not take advantage of the superiority which the 
semiconductor memory has over magnetic disk memories. 
For example, a semiconductor memory in the form of a 
static storage medium enables very fast data access. The 
magnetic disk memory, in contrast, reads or writes data at 
certain positions on a turning disk. This fast access property 
of the semiconductor memory, however, cannot be utilized 
with the interface that is designed for the magnetic disk 
memory. 

[0009] Magnetic disk memories used in presently existing 
information processing apparatuses such as personal com- 
puters are slow in data access relative to the main memory 
access. Therefore, the magnetic disk memory does not need 
to operate in synchronism with the CPU of processing 
apparatus, and it transacts data over an asynchronous data 
bus. In contrast, semiconductor memories are fast enough to 
operate in synchronism the CPU. The ability of a file 
memory to operate synchronously with a CPU becomes 
significant. 

[0010] However, if it is intended to overcome the differ- 
ence of the data bus width of a flash memory chip from the 
CPU data bus width by using memory chips in parallel, a 
new problem arises. Namely, a flash memory has a fixed size 
of unit erasure block area, which is typically 512 bytes. 
Accordingly, when multiple memory chips are used in 
parallel, an area equal to the unit block area (e.g., 512 bytes) 
multiplied by the number of chips in parallel in erased at 
once. 

[0011] Many personal computers have a unit storage data 
block for file management (i.e., a sector having a size) of 512 
bytes. Thus, for example, if it is intended to use four flash 
memory chips in parallel, a rewrite access to one file sector 
will result in the erasure of an area that is four times the 
sector. This unit erasure block size is too large, and unin- 
tentional erasure of other data can occur. 

SUMMARY OF THE INVENTION 

[0012] A first object of the present invention is to provide 
a semiconductor file memory device that can access file data 
faster than prior art semiconductor file memory devices, and 
which is inexpensive when used in an information process- 
ing apparatus. 

[0013] It is another object of the present invention to 
provide a method controlling the semiconductor file memory 
device, as mentioned above. 

[0014] Another object of the present invention is to pro- 
vide a semiconductor file memory device of the aforemen- 
tioned type that is based on a flash memory having a 
relatively large unit erasure block size which does not affect 
file data located in other portions of the memory, and to 
provide a method for controlling such a memory device. 

[0015] A further object of this invention is to provide a 
semiconductor file memory device which is compact in size. 

[0016] A further object of this invention is to provide a file 
memory device that effectively uses fragmentary memory 
areas, which are created during the process of storing 
multiple files of various sizes by varying the file storage 
method dynamically. 
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[0017] The semiconductor file memory device of the 
present invention uses a parallel arrangement of memory 
element groups which has, one, a unit erasure block size 
greater than the data bus width of the file memory device 
and, two, a data access width smaller than the data bus width 
of the file memory device. The file memory, which operates 
to store file data through the data bus, comprises: a file 
division means for dividing file data, that includes one or 
more unit storage data blocks into combined blocks which 
include a combination of arbitrary unit storage data blocks; 
a data distribution means for combining arbitrarily data from 
the data bus into a unit data size equal to a predetermined 
data access width, and for making the combined data cor- 
respond to an arbitrary combination of memory element 
groups equal in number to the unit size data; and a control 
means for controlling the data distribution means so that 
each combined block is stored in a corresponding one of the 
arbitrary combinations of memory element groups. 

[0018] The information processing system of the present 
invention is equipped with a built-in semiconductor file 
memory device in the form of a storage medium, such as a 
flash memory, having a large unit erasure block size, which 
memory can therefore realize a level of fast file access 
performance that is superior compared to magnetic disk- type 
memories. Advantageously, the CPU operation of the infor- 
mation processing system of the present invention can be 
timed to operate synchronously with the file memory device 
by manipulating a Ready signal to be input into the CPU so 
that it is halted properly. Also, in this system fast file access 
is possible even if a flash memory chip has a number of 
access data bits different from the system data bus width. 

[0019] The file memory device of the present invention 
advantageously can be used to provide continuous sector 
access in reading or writing a capacious file in which the file 
access time is crucial for the user. 

[0020] In addition, the file memory device has a flexible 
system design in terms of both system data bus width and the 
number of access data bits of flash memory chips that vary 
depending on system application, performance, and techni- 
cal trends of time. The invention also is capable of speeding 
up the memory based on an interleave access scheme. 

[0021] The method of the present invention for controlling 
the file memory simplifies the access procedure of the 
system, which in turn increases the speed of the fast file 
access function and simplifies the overall file management 
system itself as well as the control circuit and the control 
program. 

[0022] Through the provision of the data distribution 
function within the memory element, the peripheral circuitry 
can be reduced and the data processing speed can be 
increased. 

[0023] According to the above-mentioned principle of this 
invention, it becomes possible for the flash memory based 
file memory device to prevent the unintentional erasure of 
other file data during a file revising operation and to store file 
data in a reduced time through the multiple-byte concurrent 
write operation while utilizing memory areas effectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] FIG. 1 is a block diagram showing the arrange- 
ment of the information processing apparatus based on this 
invention; 



[0025] FIG. 2 is a block diagram showing the arrange- 
ment of the file memory device based on an embodiment of 
this invention; 

[0026] FIG. 3 is a block diagram of the principal portion 
of the file memory device used to explain the operation; 

[0027] FIG. 4 is a diagram used to explain data control in 
the case of using memory chips of slow write ability; 

[0028] FIGS. 5A and 5B are diagrams used to explain the 
file storing operation based on an embodiment of this 
invention; 

[0029] FIG. 6 is a diagram used to explain the daisy -chain 
data storing operation based on another embodiment of this 
invention; 

[0030] FIG. 7 is a diagram used to explain the memory 
package with the built-in data distribution function that 
bases the operation on an input specification signal; 

[0031] FIG. 8 is a diagram used to explain the memory 
package with the built-in data distribution function that 
bases the operation on the setting of a command; 

[0032] FIG. 9 is a diagram used to explain the address bus 
connection to the memory groups; 

[0033] FIG. 10 is a diagram used to explain the 4-byte 
concurrent write operation based on an embodiment of this 
embodiment; 

[0034] FIG. 11 is a diagram used to explain the 2-byte 
concurrent write operation based on an embodiment of this 
embodiment; 

[0035] FIG. 12 is a diagram used to explain the data 
distribution of one memory chip access based on an embodi- 
ment of this embodiment; 

[0036] FIG. 13 is a diagram used to explain the data 
distribution of two memory chips concurrent access based 
on an embodiment of this embodiment; 

[0037] FIG. 14 is a diagram used to explain the data 
distribution of four memory chip concurrent access based on 
an embodiment of this invention; and 

[0038] FIG. 15 is a table explaining the hardware arrange- 
ment for various combinations of system data buses and 
memory data buses. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] The principle of this invention will be explained 
with reference to the drawings on assumption that the 
information processing apparatus is a personal computer and 
the semiconductor storage medium is a flash memory. 

[0040] In order to prevent the unintentional erasure of 
other file data, which is the prior art problem as mentioned 
previously, it is necessary for a CPU having a 32-bit data bus 
with an associated flash memory having a 8 -bit data bus, for 
example, to make access to a flash memory chip four times 
cyclically. In the case of a continuous access to four sectors 
or more, it is possible for the CPU to have a concurrent 
access to four flash memory chips to get data of these sectors 
on its 32-bit data bus. 
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[0041] For the expedience of file management, data that is 
once treated as data of continuous sectors will never be 
divided afterward. Namely, a file system is solely accessed 
in units of file. Accordingly, in the case of a continuous 
access to multiple sectors, multiple memory chips are 
accessed at once for writing file data in parallel in these 
sectors, and thereafter the same file data can be read out by 
making a parallel access to the memory chips in the same 
manner. 

[0042] The distributive storing operation for two sectors 
and four sectors will be explained with reference to FIG. 10 
showing an example of 4-byte concurrent writing and FIG. 
11 showing an example of 2-byte concurrent writing. The 
system has a 32-bit data bus and each memory group has a 
8-bit data access width in these examples. 

[0043] FIG. 10 shows the case of 4-sector concurrent 
writing to four memory chips (will be termed "memory 
groups") a, b, c and d. Indicated by 221 are 32-bit (4-byte) 
data coming over the system bus, and 222-225 are serial 
numbers of 8-bit (1-byte) data, of which 222, 223, 224 and 
225 are first, second, third and fourth byte data, respectively. 
Data of the first through 2048th bytes of four sectors are sent 
continuously in such a manner that the first through fourth 
bytes are received at once at the beginning through the 32-bit 
bus. Indicated by 51-54 are data latches for holding the 
received data temporarily. 

[0044] After 32-bit (4-byte) data has been held in the data 
latches 51-54 concurrendy, individual byte data are written 
by being distributed in the four memory groups a through d. 
Subsequently, the next 32-bit data is written additionally in 
the memory groups a through d. In this manner, the first 
through 512th bytes of the first sector are written in the 
memory groups in 128 write operations. The next 512-byte 
data of the second sector are written additionally in the 
memory, four bytes at a time. Similarly, the next 512-byte 
data for the third sector and further 512-byte data of the 
fourth sector are written successively. 

[0045] At this time point, a unit erasure block of the four 
memory chips is filled with data of up to 2048th byte. 
Accordingly, this 4-sector memory area can be erased at 
once without problem for the revision of the file. Data of 
each sector are written by being distributed in the memory 
groups a through d, instead of being stored in one particular 
memory group, as explained above. 

[0046] The concurrent 4-chip parallel access operation for 
four sectors of file at a time is repeated, and residual data less 
than four sectors at the end of write operation or data of a 
small file less than four sectors are treated as follows. For 
writing data of three sectors, the data are treated as 2-sector 
data plus 1 -sector data, since 32 bits of CPU bus is not a 
multiple of 3. 

[0047] The write operation of 2-sector data based on 
2-byte concurrent writing to the memory groups a and b will 
be explained as an example with reference to FIG. 11. After 
the 32-bit (4-byte) data has been held in the data latches 
51-54 concurrently, the latched data is divided into two 
parts, and the first 2-byte data is written in the memory 
groups a and b and subsequently the second 2-byte data is 
written additionally in the memory groups a and b. In this 
manner, 512-byte data of the first sector are written in the 
memory groups a and b in 256 write operations, and 



subsequently 512-byte data of the second sector are written 
additionally in the memory groups a and b in 256 write 
operations. 

[0048] In the case of the write operation of one sector (not 
shown), 32-bit data from the CPU is divided into four parts 
and one 8-bit part is written in one memory chip at a time. 
Accordingly, 512 bytes of one sector are stored in a 1-sector 
area of one memory chip in 512 write operations. 

[0049] Through the selective implementation of a flash 
memory access mode depending on the number of sectors to 
be accessed continuously, the file access speed can be 
enhanced. Through the selective implementation of a data 
storing mode, the problem of unintentional erasure of other 
flash memory areas can be overcome, i.e., it is guaranteed 
that a unit erasure block of a memory chip stores only data 
of a same file in all data storing modes. 

[0050] Although this invention is intended to operate the 
flash memory in synchronism with the CPU, the memory 
operation takes a longer time in some access modes. The 
inventive file memory device copes with this problem by 
issuing a wait request appropriately to the Ready signal 
input of the CPU. Prevailing CPU devices are mostly 
provided with the Ready signal input terminal, e.g., all CPU 
devices of the type of 16 bits or more manufactured by 
INTEL CORPORATION, which are adopted dominantly in 
recent general-purpose personal computers, have this termi- 
nal. 

[0051] The Ready signal is simply negated so that the 
CPU halts unless data reading or writing completes in the 
data access cycle, and by restoring the Ready signal on 
completion of data access, the CPU resumes the processing. 
Since this control is only feasible when the file memory and 
CPU operate synchronously, it is indispensable to apply 
synchronous clocks to both devices. Based on this control, 
it becomes possible to deal with cases of CPUs and flash 
memories having different data widths of one process cycle 
by putting the CPU in the wait state until both data widths 
meet. 

[0052] Next, an embodiment of this invention will be 
explained in detail. 

[0053] FIG. 1 shows the arrangement of a typical personal 
computer which is equipped with the flash memory based 
file memory device of this invention. In the figure, reference 
numeral 1 denotes a CPU which controls the implementation 
of programs and has a 32-bit data bus, and 2 is a clock 
generator for generating a system clock signal. 3 is a set of 
internal common signal buses including a data bus, address 
bus, memory command lines and I/O command lines, and 
these are generically called "system bus". 4 is a file control 
circuit which implements the file management and memory 
control for the file memory device. 5 is a set of flash memory 
arrays that is the storage medium of the file memory device, 
with each memory chip having eight access data bits. The 
file control circuit 4 and flash memory arrays 5 in unison 
constitute the flash memory based file memory device. 6 is 
a main memory control circuit, and 7 is a main memory 
formed of DRAM elements or the like. 8 is a peripheral I/O 
bus control circuit, to which are connected peripheral I/O 
devices including a display control circuit 9 in connection 
with a display unit 10, a communication unit 11, and an 
external capacious storage unit 12. 
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[0054] The peripheral I/O control circuit 8 has its own 
clock generator, and the peripheral I/O devices normally 
operate in accordance with this clock. Another peripheral 
I/O device that operates fast in synchronism with the CPU 
I by being connected to the internal system bus 3 directly 
may be included. Indicated by 13 is a clock signal supplied 
to all functional blocks including the CPU 1 in connection 
with the internal system bus 3 so that their operations are 
synchronized. Alternatively, a lower-frequency clock signal 
may be supplied to these functional blocks excluding the 
CPU 1, provided that it is synchronous with the CPU clock. 

[0055] Indicated by 14 is a Ready control signal produced 
from status signals of control circuits by a readiness control 
circuit 15, and it is applied to the CPU 1. 16 is a control 
circuit for an operator's input device 17. The operator's 
input device 17 is a keyboard which is controlled by a 
keyboard controller (KBDC) 16 in this embodiment. 

[0056] Next, the operation of the system shown in FIG. 1 
will be explained. The system starts up when the CPU 1 
loads and runs the system program. In the normal operating 
mode, the operator uses the input device 17 to specify a 
program to be run and the CPU 1 loads the program into the 
main memory 7 and processes data accordingly while dis- 
playing results on the display unit 10. Depending on the 
program, the CPU 1 activates the communication unit 11 to 
send processed data to the outside, stores processed data in 
the external memory unit 12, or activates the file controller 
4 to make access to files in the file memory 5. During these 
operations, the control circuits operate in synchronism with 
the clock signal 13 provided by the clock generator 2. When 
a control circuit needs to halt the CPU 1, it issues a CPU wait 
request signal to the readiness control circuit 15, which then 
negates the Ready signal 14 to the CPU 1. Consequently, the 
CPU 1 stays in the wait state until the Ready signal 14 is 
restored. The file control circuit 4 determines the time length 
of CPU wait state depending on the number of files accessed 
by the CPU 1. 

[0057] The arrangement and operation for file control will 
be explained with reference to FIG. 2 showing the internal 
arrangement of the flash memory based file memory device. 
In the figure, items indicated by 3, 4, 5 and 13 are identical 
to those of FIG. 1, and the rest of items are functional blocks 
within the file control circuit 4. 

[0058] Indicated by 21 is a set of registers for interfacing 
the file control circuit with the system bus, of which 22 is a 
status register for setting the state of the file control circuit 
4 to be indicated to the CPU, 23 is a start sector register for 
setting the top access sector number, 24 is an end sector 
register for setling the last access sector number, 25 is a 
command register for setting a command code of a process 
specified by the CPU, and 26 is a data register used to 
transact data with the system bus. 

[0059] Indicated by 27 is a controller which controls the 
whole file control circuit 4, and it is preferably a program- 
mable intelligent LSI element such as a one-chip microcom- 
puter. 28 is a memory control circuit for controlling the flash 
memory arrays, 29 is a data control circuit for controlling the 
data read/write operation of the flash memory arrays, and 30 
is a DNA control circuit for implementing the fast memory 
access based on the system clock signal. 31 is the status 
signal to be sent to the readiness control circuit, 32 is a local 



bus of the file memory device, and 33 is a signal bus of the 
access control signals and address to the flash memory 
arrays. 

[0060] Next, the operation of the file memory device 
arranged as shown in FIG. 2 will be explained. The CPU 1 
makes access to the file memory device through the system 
bus 3 by following the procedure as follows. Initially, the 
CPU reads the status register 22 to check the access avail- 
ability of the file memory. Subsequently, the CPU specifies 
a sector of access by setting the start sector register 23 and 
end sector register 24, and sets a command code (read or 
write) for the access in the command code register 25. The 
CPU reads the status register 22 again to check the access 
availability, and write data or read out data in the data 
register 26. 

[0061] During the above operation, the controller 27 reads 
the start sector register 23, end sector register 24 and 
command code register 25 to recognize the content of access 
to the flash memory arrays 5, and sets a code in the status 
register 22, thereby indicating the current state to the CPU 
1. 

[0062] If the controller makes a direct access to the flash 
memory in response to a data write or read access request 
from the CPU, the operational speed would be slow. There- 
fore, the DMA control circuit 30 is used to implement a fast 
flash memory access for transacting data with the system bus 
3. The role of the controller 27 includes the setting for the 
DMA control circuit and memory control circuit depending 
on the content of access and the initiation of the DMA 
operation. 

[0063] The DMA control circuit 30 generates the address 
and timing signals necessary for the DMA operation, and the 
memory control circuit 28 generates the access signal in 
accordance with the timing signal. The flash memory arrays 
5 transact data with the data control circuit 29 in response to 
these signals, and the data control circuit 29 forms data 
depending on the number of sectors of access. 

[0064] For a write access of 1 -sector data for example, the 
data coming over the system bus 3 in one access operation 
is reformed to have a width equal to the number of bits of 
writing to a flash memory chip. In this embodiment, 32-bit 
data is sent over the 32-bit data bus of the system bus 3 and 
the flash memory chip has a 8-bit data width, and accord- 
ingly the transferred 32-bit data is written by being divided 
in four write operations to the flash memory array. Namely, 
the data control circuit 29 divides the 32-bit data into four 
pieces of 8-bit data by using a latch circuit. 

[0065] In another case of a read access of 1 -sector data, the 
data control circuit 29 reads a flash memory array four times 
and composes a piece of 32-bit data so that it is sent at once 
over the 32-bit data bus. During the multiple access to the 
flash memory array, the wait time of the system bus 3 is 
created by a CPU wait request caused by the status signal 31 
that is generated by the data control circuit 29. 

[0066] In the case of a multiple sector access, the size of 
data latched by the data control circuit 29 is adjusted so as 
to implement the fast access. For example, for a continuous 
read access of four sectors, four 8-bit flash memory chips are 
read concurrently so that 32-bit data is accessed at once. In 
this case, however, it is necessary for the data to have been 
written in the four flash memory chips concurrently so that 



11/10/2003, EAST Version: 1.4.1 



US 2001/0007119 Al 



5 



Jul. 5, 2001 



the data is arranged uniquely for both write and read access 
operations, as mentioned previously. Practically, however, 
information processing systems generally transact data with 
the file memory in the form of files, i.e., the number of 
sectors of data that is read out is equal to that of the data at 
the write access, and therefore no special care is needed so 
far as file data is written and read out in the same access 
mode in terms of the number of sectors. 

[0067] Specifically, at continuous writing of file data of 
five sectors, for example, four sectors are written in four 
chips in parallel and a remaining sector is stored in a chip, 
and the file data can be read-accessed always normally by 
taking the same access mode. 

[0068] Similarly, continuous access of file data of six 
sectors is carried out as a parallel access of four sectors and 
a parallel access of two sectors. 

[0069] Information on the data storage manner may be 
recorded for sector-wise data stored in the flash memory 
arrays 5 so as to ensure the consistency. This information can 
be recorded in the redundant data storage area except the 
data storage area if it is available, or otherwise recorded in 
another area provided separately. 

[0070] Next, the access signals used for data control will 
be explained in more detail with reference to FIG. 3. The 
figure shows the case of the system with a 32-bit system bus 
and a flash memory with a 8-bit data width. Functional 
blocks explained previously are referred to by the common 
symbols. Among new functional blocks, indicated by 41 is 
a counter which generates the address for the DMA control 
circuit 30 from the clock signal 13 and the I/O access 
command or memory access command on the system bus 3. 
42 is a DMA start register in connection with the local bus 
32 of the controller 27, and an intended DMA transfer is 
started by putting a certain code in this register. 43 is a sector 
register in connection with the local bus 32, and DMA 
transfer for an intended sector is carried out by putting the 
sector number in it. This register is practically used to 
generate the high-order address and chip select signal for the 
flash memory by delivering the set value of sector number 
to the memory control circuit 28. 44 is a timing control 
circuit for generating a timing signal used to synchronize the 
operations of control circuits at DMA transfer. 45 is the 
memory address generated by the memory control circuit 28 
from the values of the counter 41 and sector register, and 46 
is a set of memory control signals produced by the memory 
control circuit 28 by being timed to the generation of the 
memory address. 

[0071] 51, 52, 53 and 54 are 1-byte (8-bit) data latches 
which are combined to form a 4-byte (32-bit) data latch used 
for data width conversion between 32-bit data and 8-bit data 
within the data control circuit 29. Among data DO-D31 on 
the system bus 3, the latches 51-54 hold D0-D7, D8-D15, 
D16-D23 and D24-D31, respectively. 55 is a latch signal 
generation circuit associated with these latches. 56 is a data 
width setting register in connection with the local bus 32, 
and it is used to set the data width and data arrangement 
mode. 

[0072] In this embodiment, one of "1", w 2" and "4" is set 
as a number of sectors of continuous read access so that the 
timing of latch signal generation is indicated to the latch 
signal generation circuit 55. Consequently, the data latches 



51-54 receive latch signals 57, 58, 59 and 60, respectively. 
For example, with "1" being set, the circuit 55 produces the 
latch signals 57-60 sequentially to produce 32-bit data on the 
system bus 3 through four-time accesses to a flash memory 
chip. With "2" being set, the circuit 55 produces a latch 
signal pair 57 and 58 and next another latch signal pair 59 
and 60 alternately to produce 32-bit data on the system bus 
3 through two-time accesses to two flash memory chips for 
each signal pair. With "4" being set, the circuit 55 produces 
the latch signals 57-60 simultaneously to produce 32-bit data 
on the system bus 3 through a single access to four flash 
memory chips. 

[0073] For a write access to the file memory, the latch 
signals 57-60 are always fed simultaneously to all data 
latches 51-54 so that 32-bit data on the system bus is latched 
at once. 

[0074] Indicated by 61 is a data distribution circuit for 
distributing data from the data latches to the flash memory 
or from the flash memory to the data latches. 62 is a data bus 
between the data distribution circuit and flash memory 
arrays, and 63 is a read/write signal supplied from the 
command register 25 among the interface registers 21, for 
example, for determining the data transfer direction of the 
data distribution circuit 61. 

[0075] The data distribution circuit 61 is a bidirectional 
buffer, having one I/O ports connected to the data latches 
51-54 and another I/O ports connected to the flash memory 
arrays 5. The I/O ports for the flash memory arrays 5 are 32 
bits, which are grouped into four bit groups, i.e., bit 0 
through bit 7, bit 8 through bit 15, bit 16 through bit 23 and 
bit 24 through bit 31, and each bit group is connected to one 
of four memory groups of the flash memory chips. The 
manner of data distribution is determined depending on the 
contents of the data width setting register 56. 

[0076] The data distributing operation will be explained 
specifically with reference to FIG. 12, FIG. 13 and FIG. 14. 
These figures list examples of data distribution implemented 
by the data distribution circuit 61 in response to the setup 
value of the data width setting register 56. Listed in FIG. 12 
is for one -sector continuous access, FIG. 13 is for two- 
sector continuous access and FIG. 14 is for four-sector 
continuous access, with each case including four kinds of 
data distribution depending on as to which of four memory 
groups is accessed. For one continuous access sector, one 
access operation takes four system cycles, for two continu- 
ous access sector, one access operation takes two system 
cycles, and for four continuous access sector, one access 
operation takes one system cycle. 

[0077] One-sector continuous access falls into four cases 
depending on which ever of four memory divisions, and 
two-sector continuous access and four-sector continuous 
access also fall into four cases each depending on whichever 
memory group is accessed at the beginning. Accordingly, the 
access starting memory group can be determined properly so 
that all memory chips are used evenly. Although fixed 
designation of a certain memory group as the access starling 
group simplifies the data distributing logics, this group will 
be used most frequently and ultimately will become defec- 
tive, resulting in the failure of fast write access of four 
continuous sectors. 

[0078] Although the distribution circuit has different wir- 
ing among operation cycles for the read access of one or two 
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continuous sectors, the latch signals are supplied only to 
relevant latches and therefore the wiring may be common to 
all cycles. For example, in the read access of one continuous 
sector indicated by A in FIG. 12, the data distribution cycles 
from memory group 1 to latch 1, from memory group 1 to 
latch 2, from memory group 1 to latch 3 and from memory 
group 1 to latch 4, but this may be altered to the wiring from 
memory group 1 to all latches in all cycles. 

[0079] The access control will be explained more specifi- 
cally. For a write access of one sector, for example, data of 
bit positions among the 32 -bit data bus 62 in connection with 
a memory group is transferred from the data latch 51 in the 
first cycle, and similarly data from the data latches 52, 53 
and 54, and again from 51, 52 and so on are transferred to 
corresponding memory groups in the second cycle, third 
cycle and fourth cycle, and again in the first cycle, second 
cycle and so on, as shown in FIG. 12. For a read access, data 
from flash memory chips are distributed into the four data ' 
latches in accordance with the latch signals in the corre- 
sponding cycles so that 32-bit data is formed. 

[0080] For a write access of two sectors, i.e., writing of 
2-byte data width, data of bit positions among the 32-bit data 
bus 62 in connection with two flash memory groups are 
transferred alternately from the data latches 51 and 52 in the 
first cycle and from the data latches 53 and 54 in the second 
cycle, as shown in FIG. 13. For a read access, data from two 
pairs of memory groups are distributed alternately to the 
data latches 51 and 52 in the first cycle and to 53 and 54 in 
the second cycle. 

[0081] For a write access of four sectors, i.e., writing of 
4-byte data width, the whole data on the 32-bit data bus 62 
is transferred at once from the data latches 51-54 to the 
memory groups in connection in one cycle. For a read 
access, 32-bit data from the memory groups is transferred to 
the data latches in one cycle. 

[0082] For the foregoing data transfer operations, the 
controller 27 sets the registers appropriately prior to the 
activation of the DMA control circuit 30. 

[0083] The addressing of memory groups for their simul- 
taneous access with the intention of fast file access will be 
explained with reference to FIGS. 5Aand 5B. These figures 
show first through fourth memory groups 81-84. FIG. 5A 
shows the memory contents after some files have been 
stored, and FIG. 5B shows the memory contents, with some 
files being revised to have increased sizes. Symbol m-n 
signifies a file number m and a sector number n of the file, 
e.g., data 3-2 is of file number 3 and sector number 2. It 
should be noted that the figures simply illustrate the use of 
individual memory areas (each area has a capacity of one 
sector) for each file of one sector or more, and at an actual 
continuous access of two sectors or more, the contents of 
sectors are distributed to memory areas, instead of only the 
contents of a single sector being stored in a 1 -sector area of 
each memory group. This affair will be explained in more 
detail later in connection with the file management. 

[0084] In FIG. 5 A, for the access to sectors with file 
number 1 (all sectors symbolized by 1-n), with sectors 1-1 
through 1-4 being accessed simultaneously, all memory 
groups are given the same address since these sectors align 
on the same row. In another case of the simultaneous access 
to sectors 2-1 through 2-4 of file number 2, the fourth 



memory group must be given an address different from that 
of other memory groups. This means that address buses 
equal in number to the number of memory groups are 
required or providing different addresses to individual 
memory groups is required. Although the provision of 
separate address buses can be avoided by taking a single 
access to the sector 2-1, a simultaneous access to the sectors 
2-2 and 2-3 and another single access to the sector 2-4 in the 
above example, it retards the speed-up of file access opera- 
tion. 

[0085] An alternative scheme of giving different addresses 
to individual memory groups will be explained on FIG. 9. 
The figure shows the arrangement of the address generation 
circuit in the memory control circuit 28 for the case of four 
memory groups. Indicated by 201-204 are four memory 
groups a, b, c and d that constitute the flash memory arrays 
5. 205, 206 and 207 are latch circuits b, c and d for the 
high-order addresses given to the memory groups b, c and d, 
respectively. 

[0086] Indicated by 208 is an address bus (corresponding 
to 45 in FIG. 3) of the memory control circuit 28, and 209 
is the low-order address of the address bus 208, with the 
number of address bits matching the addressing to the unit 
erasure block of the flash memory chip or the unit area of file 
management. For example, the low-order address is 9 bits 
for a unit erasure block of 512 bytes. In case the unit erasing 
area of flash memory chip is smaller than the unit area of file 
management, the number of address bits is determined to 
match the file management unit area. 210 is an high -order 
address portion of the address bus 208 necessary for 
addressing the memory group. 

[0087] Indicated by 211, 212 and 213 are high-order 
addresses held in the address latches b, c and d for address- 
ing the memory groups b, c and d, respectively. 214, 215, 
216 and 217 are memory control signals for the memory 
groups a, b, c and d, respectively. 

[0088] For a simultaneous access to the memory groups 
a-d, the high-order addresses of memory groups are set in 
advance in the corresponding address latch circuits 205-207. 
At the memory access, the address bus is supplied with an 
address for the memory group a, with its low-order address 
being common to all memory groups, and the memory 
groups b, c and d are addressed for their high-order 
addresses by the respective address latch circuits. Access 
control is entirely carried out through the memory control 
signals 214-217, and for the access to only memory groups 
a and b for example, only the memory control signals 214 
and 215 are made active. For the access to only memory 
group d for example, the memory group a may be given any 
address provided that the memory control signal 214 is 
inactive. 

[0089] Based on this circuit arrangement, it is possible to 
give different addresses to individual memory groups, and 
data in one file that is stored in different physical address 
areas can be accessed at once for the enhanced file access 
speed through the provision of the flash memory in four 
divisions. An address latch circuit for the memory group a, 
which is absent in FIG. 9 for the sake of simplified circuit 
arrangement, may be provided when it is considered useful. 

[0090] According to the foregoing embodiment of this 
invention, the CPU 1 can have a fast read/write access to 
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intended sectors through simple settings to a relatively small 
number of registers. Based on a file controller formed of a 
one-chip microcomputer, it becomes possible to implement 
precise control on a software basis, and based on a DMA 
control circuit, fast data transfer is made possible even if the 
one-chip microcomputer is slower than the CPU. If the 
one-chip microcomputer is fast enough to follow the CPU 
operation, it is feasible to arrange a system in which the 
DMA control circuit is eliminated and the one-chip micro- 
computer performs the entire data transfer. 

[0091] Although the foregoing embodiment is the case of 
a 32-bit system data bus and a 8-bit flash memory data bus, 
it can readily cope with other data width, such as for a 16-bit 
CPU, 64-bit CPU or 16-bit I/O flash memory, by altering the 
number of data latches, the arrangement of data width 
setting register and the control program of controller. FIG. 
15 shows specific examples of the hardware arrangement for 
dealing with various combinations of system data widths 
and flash memory data widths. The table has columns of 
4-bit, 8-bit } 16-bit and 32-bit flash memory data widths, and 
rows of 16-bit and 32-bit system data widths that dominate, 
the present personal computers and 64-bit and 128-bit 
system data widths that are adopted by high-performance 
computers and will be adopted by future personal comput- 
ers. 

[0092] In each row of system data width, the data distri- 
bution circuit is characterized in terms of the number of bits 
of data distributed by one distribution circuit times the 
number of distribution circuits, i.e., in the figures including 
the data distribution circuit 61, each circle represents data 
distributed by one distribution circuit and the number of 
circles represents the number of distribution circuits. These 
distribution circuits are connected as shown in FIGS. 12, 13 
and 14. The number of latches is selected from 1 through 4 
derived from the latches 51-54 of the foregoing embodi- 
ment; apd in case the memory data width is greater than the 
system data width, the latches are placed on the part of the 
data distribution circuit. The number of memory groups is 
derived from four divisions of the foregoing embodiment. 

[0093] It should be noted that the number of distribution 
ports of the data distribution circuit and the number of 
latches and memory groups exemplified in the foregoing 
embodiment are the minimum requisite. The system will 
have an enhanced performance if the circuit scale and 
terminals can afford to increase these numbers. Increasing 
the number of memory groups expands the latitude of 
selection of data storage locations, preventing the uneven 
use of memory cells. It also increases the number of memory 
locations accessed in parallel, resulting in an enhanced 
memory access speed. In case the number of memory data 
bits is equal to or greater than the number of the system data 
width, the speed-up of memory access based on the inter- 
leaving scheme can be accomplished through the concurrent 
access to multiple memory chips, although the effect of data 
bus matching mentioned in the foregoing embodiment is 
lost. In this case, the number of distribution ports and latches 
must be increased at the same time of increasing the number 
of memory groups. 

[0094] The foregoing embodiment is based on the assump- 
tion that the flash memory is fast enough to respond to the 
data transfer from the system. For this implementation the 
flash memory includes an internal write buffer desirably, 



although it will become unnecessary in the future when the 
flash memory will have a sufficiently fast write operation. 
For a flash memory without a built-in write buffer, an 
independent write buffer may be placed between the data 
control circuit and the flash memory. At a write access, data 
from the system is written temporarily to the write buffer and 
thereafter it is written to the flash memory. 

[0095] FIG. 4 shows an embodiment of this arrangement, 
in which functional blocks explained previously are referred 
to by the common symbols. Among new functional blocks, 
indicated by 71 is a data selector that switches the connec- 
tion of the data distribution circuit 61 depending on whether 
the access is for reading or writing, 72 is a write buffer with 
the same data bus width as the CPU bus width for holding 
write data temporarily, and 73 is the read/write signal for 
operating the data selector 71 produced from the command 
code loaded in the command register 25. 

[0096] In response to a write access, the data distribution 
circuit 61 is connected to the write buffer 72 so that write 
data from the system is held in the write buffer 72, and 
thereafter it is written to the flash memory arrays 5 by the 
controller. In response to a read access, the data distribution 
circuit 61 is connected directly to the flash memory arrays 5, 
and the same operation of read access explained on FIG. 3 
takes place. Based on this arrangement, it becomes possible 
for the system to have a fast flash memory access even if a 
flash memory of slow write operation without a built-in 
write buffer is used. 

[0097] Next, an embodiment of the file management, i.e., 
a software-based operation for storing file data in the flash 
memory, will be explained by using the example shown in 
FIGS. 5A and 5B. This operation is basically carried out by 
the CPU, the system program and the controller of flash 
memory. FIGS. 5A and 5B show the assignment of unit 
areas (one sector) of each memory group to sectors of files 
as a result of the soft ware-based file storing operation. For 
a file of four or more continuous sectors, four sectors (e.g., 
1-1 through 1-4 as shown) are given a sequential assignment 
of unit areas of the first through fourth memory groups. 
These sector data are actually stored by being distributed to 
four unit areas. Two sectors (e.g., 1-5 and 1-6 as shown) are 
given a distributed assignment of unit areas of two memory 
groups. A remaining sector (e.g., 1-7) is given a unit area of 
one memory group. 

[0098] The distributive storing operation for two sectors 
and four sectors will be explained in more detail with 
reference to FIG. 10 and FIG. 11 showing examples of 
4-byte and 2-byte simultaneous write operations, respec- 
tively. The system has a 32-bit data bus and each memory 
group has a 8-bit data access width as in the preceding 
embodiment. 

[0099] FIG. 10 shows the case of 4-sector concurrent 
writing to four memory groups a, b, c and d. Indicated by 
221 are 32-bit (4-byte) data coming over the system bus, 
222-225 are serial numbers of 8-bit (1-byte) data, and 222, 
223, 224 and 225 are first, second, third and fourth byte data, 
respectively. Data of the first through 2048th bytes of four 
sectors are sent continuously in such a manner that the first 
through fourth bytes are sent concurrently at the beginning 
over the 32-bit bus. Indicated by 51-54 are data latches 
shown in FIG. 3 for holding data temporarily. 
[0100] After 32-bit (4-byte) data has been held in the data 
latches 51-54 at once, individual byte data are written by 
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being distributed in the four memory groups a through d. 
Subsequently, the next 32-bit data is written additionally in 
the memory groups a through d. In this manner, the first 
through 512th bytes of the first sector are written in the 
memory groups, and the next 512-byte data of the second 
sector are written additionally in the memory groups, four 
bytes at a time. Although FIGS. 5A and 5B show the 
assignment of specific memory groups to individual sectors, 
data of each sector is actually written by being distributed to 
the memory groups a-6. As a special case, 4 -sector data are 
stored in a 4-sector area provided by the memory groups a, 
b, c and d. 

[0101] FIG. 11 shows 2-byte concurrent writing to the 
memory groups a and b. After the 32-bit (4-byte) data has 
been held in the data latches 51-54 at once, the latched data 
is divided into two parts. The first 2-byte data is written in 
the memory groups a and b, and subsequently the second 
2-byte data is written additionally in the memory groups a 
and b. In this manner, 512-byte data of the first sector are 
written in the memory groups a and b, and subsequently 
512-byte data of the second sector are written additionally in 
the memory groups a and b. Also in this case, the first sector 
is written by being distributed to the memory groups a and 
b, instead of being stored in a particular memory group, and 
the second sector is distributed to the memory groups a and 
b in the same manner. 

[0102] In the case of the write operation of one sector (not 
shown), byte data of the data latches 51-54 are stored in a 
certain memory group. In this case only, the 1-sector data is 
stored in a particular memory group without being distrib- 
uted. 

[0103] As a result of the data write access operation, data 
of different files are not mixed in a unit erasure block (one 
sector of 512 bytes in this example). Consequently, it 
becomes possible to avoid the unintentional erasure of other 
files at the revision of one file and write multiple bytes of 
data concurrently while using the memory areas effectively, 
and a fast file data storing operation is accomplished. 

[0104] As mentioned previously, FIG. 5A shows the 
memory contents after some files have been stored, and 
FIG. 5B shows the memory contents, with some files being 
revised to have increased sizes. In FIG. 5A, files are initially 
stored closely in the ascending order of the file number, with 
a memory group being assigned to each sector number 
sequentially and cyclically. 

[0105] In this manner of storing file sectors closely and 
sequentially so that the memory groups have no vacant 
sector, as shown in FIG. 5A, if a file has an increased size 
due to revision, it could not be stored in physically continu- 
ous locations as shown in FIG. 5B. Even in such a case, file 
sectors are stored such that the assigned memory groups are 
continuous. For example, a file with file number 4 made up 
of five sectors 4-1 through 4-5 is initially stored as shown in 
FIG. 5 A, and the file has additional two sectors 4-6 and 4-7 
in FIG. 5B. Since the file starts with its top sector 4-1 at the 
memory group 3, the additional sectors 4-6 and 4-7 have 
their areas reserved in the memory groups 2 and 3. At the 
writing of the file having the increased sectors, the sectors 
4-5 and "4-6 are treated as two continuous sectors and the 
sector 4-7 is treated as a single sector. Namely, additional 
sectors are treated to be continuous to the existing sectors. 
[0106] For the smooth storing and reading of files, the file 
management system may be designed such that the system 



specifies access sectors by setting a starting sector and the 
number of sectors on a hardware basis, and the file system 
controls their physical storage locations. In this case, the end 
sector register 24 shown in FIG. 2 is unnecessary. Informa- 
tion for chaining file sectors is stored in a redundant area of 
the memory, if it exists, or otherwise in a separate memory 
means so that once the file starting sector number is speci- 
fied, physical storage locations of the successive sectors can 
be traced for the continuous sector access. 

[0107] FIG. 6 shows an example of the chaining infor- 
mation. Indicated by 85 is stored file data having file number 
4 and sector number 5. 86 is file data of the next sector 
having file number 4 and sector number 6, and 87 is file data 
of the next sector having file number 4 and sector number 7. 
Although the data sectors of this example have sequential 
sector numbers, data may be stored by being scrambled 
through the concurrent access to multiple memory chips. 
Even in such a case, the sector number has a crucial role for 
storing byte -wise data in order. 

[0108] Indicated by 88 is the physical address of the file 
data 85, with its left-hand numeral "3" indicating the 
memory group number and its right-hand numeral "5" 
indicating the address within the memory group. Similarly, 
89 and 90 are physical addresses of the stored file data 86 
and 87. 91 is chaining information that points the physical 
address of the next sector of the file data 85, i.e., the physical 
address of the file data 86 in this case, with its left-hand 
numeral indicating the memory group number and its right- 
hand numeral indicating the address within the memory 
group. Similarly, chaining information 92 indicates the 
physical address of the file data 87. Chaining information 93 
has its content indicating the absence of a successive sector, 
i.e., this is the last sector of the file of file number 4. 

[0109] With the chaining information being appended to 
stored file data, the CPU of the system does not need to 
recognize the physical location of a file in order to access to 
it, but the file controller makes reference to the chaining 
information to reach the physical location in the memory. 
Consequently, it becomes possible to make a continuous 
access to a file even if it is not stored in continuous locations. 
For this operation, means of entering multiple addresses for 
the concurrent access to multiple memory groups is neces- 
sary, low-order address for 1-sector access is used com- 
monly, as explained on FIG. 9, and therefore it is required 
only for the high-order address portion. According to this 
embodiment using the chaining information, addressing of 
files from the system is simplified, and it can be carried out 
by dealing with a small amount of information. 

[0110] Next, an embodiment of building the file access 
functions within a memory element will be explained. FIG. 
7 shows the arrangement of a memory element including 
multiple memory chips and associated circuitry packaged in 
a single case. In the figure, indicated by 101 is a memory 
element, 102-105 are memory chips of the same structure, 
and 106-109 are input/output data terminals of the element 
each used for the data input/output of one memory chip. For 
memory chips of 8-bit data width, for example, the memory 
element has 32-bit data input/output terminals consisting of 
the four 8-bit data input/output terminals 106-109. 110 is an 
input terminal of a signal 111 that is provided by the user for 
specifying the connection between the memory chips and 
data input/output terminals, and 112 is a data connection 
circuit. 
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[0111] The data connection is selected based on the data 
distribution in the data control circuit explained previously 
on FIG. 12 through FIG. 14, for example. In the memory 
element 101, the received connection setting signal 111 is 
fed to the data connection circuit 112, which then connects 
the memory chips 102-105 to the data input/output terminals 
106-109 accordingly so that data is transferred between the 
memory chips and the external data bus. 

[0112] FIG. 8 shows the arrangement of a memory ele- 
ment which is designed to set the data connection between 
the memory chips and input/output terminals based on the 
command entered by the user. In the figure, indicated by 113 
is a command control circuit including a command setting 
register for producing the data connection setting signal 111 
based on the setup value, and 114 is a set of data lines for 
feeding a command value, which is received on a data 
input/output terminal, to the command control circuit 113. 
Remaining portions of the arrangement are identical to FIG. 
7. The user selects an internal data connection by making 
reference to FIG. 12 through FIG. 14, and enters the 
respective command code to the command control circuit 
113 through the data lines 114. The command control circuit 
113 produces a data connection setting signal 111 in accor- 
dance with the command code and applies it to the data 
connection circuit 112. The subsequent operation is identical 
to the arrangement of FIG. 7. 

[0113] The memory elements based on these embodiments 
explained on FIG. 7 and FIG. 8 are effective for the 
simplification of the peripheral circuitry of the file memory 
device. Although in the foregoing embodiments, memory 
chips and associated control circuits are packaged in a 
memory package, integrating these components within a 
single chip will further enhance the compactness and fast 
memory access performance. 

1. A file memory device including a parallel arrangement 
of memory element groups having a unit erasure block size 
greater than the data bus width of said file memory device 
and a data access width smaller than the data bus width of 
said file memory device, said file memory device compris- 
ing: 

file division means for dividing file data that consists of 
one or more unit storage data blocks into combined 
blocks that consists of a combination of arbitrary unit 
storage data blocks; 

data distribution means for combining arbitrarily data on 
the data bus in terms of the unit data size equal to the 
data access width, and making the combined data 
correspondent to an arbitrary combination of memory 
element groups equal in number to the unit size data; 
and 

control means for controlling said data distribution means 
such that each combined block is stored in said file 
memory device by being correspondent to one of the 
arbitrary combinations of memory element groups. 

2. A file storage method for a file memory device which 
stores file data through a data bus into a parallel arrangement 
of memory element groups having a unit erasure block size 
greater than the data bus width of said file memory device 
and a data access width smaller than the data bus width of 
said file memory device, said method comprising the steps 
of: 



dividing file data that consists of one or more unit storage 
data blocks into combined blocks consisting of a com- 
bination of arbitrary unit storage data blocks; 

at the time of storing the combined blocks in said file 
memory device, combining arbitrarily data on the data 
bus in terms of the unit data size equal to the data access 
width and making the combined data correspondent to 
an arbitrary combination of memory element groups 
equal in number to the unit size data; and 

making each of the combined blocks correspondent to any 
of the arbitrary combinations of memory element 
groups. 

3. A file memory device including a parallel arrangement 
of memory element groups having a unit erasure block size 
greater than the data bus width of said file memory device 
and a data access width smaller than the data bus width of 
said file memory device, and operating to read and write file 
data through the data bus, said file memory device compris- 
ing: 

file division means for dividing file data that consists of 
one or more unit storage data blocks into combined 
blocks consisting of a combination of arbitrary unit 
storage data blocks; 

data division means for dividing data on the data bus into 
an arbitrary combination of unit data having the data 
access width; 

memory element division means for dividing the memory 
element groups in accordance with the division number 
of said data division means; and 

control means for controlling the storing of the combined 
blocks of the divided file data in said file memory 
device such that each divided data provided by said 
data division . means is correspondent to one of the 
memory element groups divided by said memory ele- 
ment division means and the contents of each combined 
block is stored in one of arbitrary combinations of the 
memory element groups. 

4. A file memory device according to claim 3, wherein 
said memory device stores, in said memory element groups 
or another storage device, file control information that 
chains a physical address, which consists of memory ele- 
ment group information that points one of said memory 
element groups and address information that points a unit 
erasure block within a memory element group, to file storage 
information, which consists of file pointing information that 
points a file and unit storage data block pointing information 
that points a unit storage data block within a file, and 
chaining information that is a physical address of another 
unit storage data block within the same file. 

5. A file memory device according to claim 3, wherein 
said memory device stores, in said memory element groups 
or another storage device as file control information, the 
manner of division of said file division means, the manner 
of division of said data division means, the manner of 
division of said memory element division means and the 
manner of control of said control means. 

6. A file memory device for storing file data through a data 
bus into a parallel arrangement of memory element groups 
having a unit erasure block size greater than the data bus 
width of said file memory device and a data access width 
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smaller than the data bus width of said file memory device, 
said file memory device comprising: 

file division means for dividing file data that consists of 
one or more unit storage data blocks into combined 
blocks that consist of a combination of arbitrary unit 
storage data blocks; 

data division means for dividing data on the data bus into 
an arbitrary combination of data having the unit size 
equal to the data access width; 

memory element division means for dividing the memory 
element groups in accordance with the division number 
of said data division means; 

control means for controlling the storing of the combined 
blocks of the divided file data in said file memory 
device such that each divided data provided by said 
data division means is correspondent to one of the 
memory element groups divided by said memory ele- 
ment division means and the contents of each combined 
block is stored in one of arbitrary combinations of the 
memory element groups; 

storage control means for storing, in said memory element 
groups or another storage device as file control infor- 
mation, the manner of division of said file division 
means, the manner of division of said data division 
means, the manner of division of said memory element 
division means and the manner of control of said 
control means; and 

means of reading out file information in accordance with 
the stored file control information. 

7. A file memory device for reading and writing file data 
through a data bus of X-bit width in a parallel arrangement 
of memory element groups having a unit erasure block size 
greater than X bits and a data access width of Y bits (Y=X/P, 
where P is an integer greater than one), said file memory 
device comprising: 

file division means for dividing a file that consists of one 
or more unit storage data blocks into a combination of 
arbitrary unit storage data blocks 1 through P; 

data division means for dividing X-bit data on the data bus 
into Y-bit data of Q in number (Q-X/Y; data is not 
divided when Q-l) at the time of storing the data 
blocks divided by said file division means; 

memory element division means for dividing the memory 
elements into groups of Q in number; 

control means for making each of the divided data of Q in 
number correspondent to one of the divided memory 
element groups, and storing the file data in the memory 
element groups such that the contents of an arbitrary 
unit storage data block corresponds to a same memory 
element group; 

storage means for storing for each file the manner of 
division of said file division means, the manner of 
division of said data division means, the manner of 
division of said memory element groups and the man- 
ner of control of said control means; and 

means of reading out file information in accordance with 
the storage information stored in said storage means. 



8. A flash memory based file memory device for storing 
file data through a data bus of X bits in flash memory 
elements having a unit erasure block size greater than X bits 
and a data access width of Y bits 4 (Y=X/P, where P is an 
integer greater than one), said file memory device compris- 
ing: 

a flash memory device formed of P sets of flash memory 
element groups that can be accessed concurrently; 

data division means for dividing data on the X-bit data bus 
into at least P parts; 

data distribution means having at least a first function of 
making the divided Y-bit data of P in number corre- 
spondent to one set of the flash memory groups and a 
second function of making the Y-bit data of P in number 
correspondent to separate sets of the flash memory 
groups; and 

control means for controlling said data distribution means 
such that one of said first and second functions is 
selected depending on the number of unit storage data 
blocks of a file to be accessed. 

9. A flash memory based file memory device according to 
claim, 8, wherein said control means controls said data 
distribution means such that data of different files are not 
mixed in a unit erasure block area of said flash memory 
elements. 

10. A flash memory based file memory device according 
to claim 8, wherein said control means controls said data 
distribution means to select said second function for data of 
consecutive unit storage data blocks of P in number in a file, 
or select said first function for data of one unit storage data 
block. 

11. A flash memory based file memory device according 
to claim 8, wherein said unit storage data block and said unit 
erasure block of flash memory elements are equal in size. 

12. An information processing apparatus comprising: 

central processing means for processing programs and 
data; 

clock signal generation means for driving said central 
processing means; 

file memory means including a flash memory as a storage 
medium; and 

file storage control means for controlling the access to 
said flash memory of said file memory means, 

said file storage control means receiving a clock signal 
generated by said clock signal generation means or a 
signal that is synchronous with said clock signal so that 
said central processing means and said file storage 
control means operate synchronously to transact file 
data. 

13. An information processing apparatus according to 
claim 12, wherein said file storage control means includes 
means of producing a status signal indicative of amid- 
process or end-of-process of file data if said central process- 
ing means and said file memory means have different data 
access widths, said central processing means includes means 
of halting the process until the end of file data processing in 
response to said status signal indicative of amid-process, and 
said file storage control means includes data bit width 
control means for adjusting the number of data bits treated 
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by said file storage control means so that the number of data 
bits coincides with the processing data bit width of said 
central processing means, 

said data bit width control means operating on said central 
processing means to halt based on the status signal 
indicative of amid-process during a time period that is 
needed for equalizing said data bit widths, so that data 
having a consistent width is transacted. 

14. An information processing apparatus according to 
claim 13, wherein said file storage control means includes 
means of forming said file memory means by using a 
number of flash memory groups necessary for generating 
data having a number of bits equal to the data access width 
of said central processing means and determining a sequen- 
tial order of the memory groups; means of storing data in 
accordance with the determined order of memory groups for 
a fiie consisting of a plurality of unit storage data blocks; and 
means of reserving a storage area, if the number of unit 
storage data blocks increases as a result of a revision of an 
already stored file, of a size equal to the increased unit 
storage data blocks in memory groups starting with a 
memory group that is determined to be the next to a file 
group in which the last data of the file has been stored. 

15. An information processing apparatus comprising a 
central processing device and a file memory device that 
includes a plurality of flash memory elements, the flash 
memory of said file memory device having its unit erasure 
block size set equal to the unit storage data size of file 
management, said flash memory elements being accessed 
concurrently when said central processing device makes 
access to a plurality of unit storage data blocks of a file or 
one of said flash memory elements being accessed when said 
central processing device makes access to one unit storage 
data block of a file. 



16. A flash memory based file memory device comprising: 

a flash memory as a storage medium; and 

chaining information storage means for storing, if a file to 
be stored has a plurality of unit storage data blocks, 
information indicative of the physical location in said 
flash memory where a successive unit storage data 
block of each unit storage data block is stored. 

17. A memory element comprising: 

a plurality of memory chips fabricated in a package; 

data input/output terminals equal in number to a total 
number of data input/output terminals of said memory 
chips; 

a control signal terminal for receiving a control signal 
from outside; and 

data control means for connecting the data input/output 
terminals of said memory chips to said data input/ 
output terminals of said memory element selectively in 
response to the control signal received on said control 
signal terminal. 

18. A memory element comprising: 

a plurality of memory chips fabricated in a package; 

data input/output terminals equal in number to a total 
number of data input/output terminals of said memory 
chips; 

control command setting means for setting a control 
command entered from outside; and 

data control means for connecting the data input/output 
terminals of said memory chips to said data input/ 
output terminals of said memory element selectively in 
response to the command set on said control command 
setting means. 

***** 
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